In order to better understand how sperm movement is regulated in the oviduct, we mated wild-type female mice with Acr-EGFP males that produce sperm with fluorescent acrosomes. The fluorescence improved our ability to detect sperm within the oviduct. Oviducts were removed shortly before or after ovulation and placed in chambers on a warm microscope stage for video recording. Hyperactivated sperm in the isthmic reservoir detached frequently from the epithelium and then reattached. Unexpectedly, most sperm found in the ampulla remained bound to epithelium throughout the observation period of several minutes. In both regions, most sperm produced deep flagellar bends in the direction opposite the hook of the sperm head. This was unexpected, because mouse sperm incubated under capacitating conditions in vitro primarily hyperactivate by producing deep flagellar bends in the same direction as the hook of the head. In vitro, sperm that are treated with thimerosal to release Ca 2+ from internal stores produce deep anti-hook bends; however, physical factors such as viscous oviduct fluid could also have influenced bending in oviductal sperm. Some sperm detached from epithelium in both the ampulla and isthmus during strong contractions of the oviduct. Blockage of oviduct contractions with nicardipine, however, did not stop sperm from forming a storage reservoir in the isthmus or prevent sperm from reaching the ampulla. These observations indicate that sperm continue to bind to oviductal epithelium after they leave the isthmic reservoir and that sperm motility is crucial in the transport of sperm to the fertilization site.
INTRODUCTION
Sperm must become hyperactivated in order to fertilize. Hyperactivation is a swimming pattern characterized by highamplitude, asymmetrical flagellar beating, resulting in circular or helical swimming trajectories on glass slides [1] . This is in contrast to the activated motility in the ejaculate, which is characterized by low-amplitude, symmetrical flagellar beating that produces a progressive and linear swimming pattern on glass slides. Hyperactivation is generally considered to be a part of the capacitation process, a network of membrane changes and signaling events that enable sperm to fertilize oocytes; these processes occur in the female reproductive tract (reviewed by [2] ).
In rabbits and mice, it has been observed that sperm begin to hyperactivate in the lower oviduct before ovulation [3] [4] [5] . They do this as part of the process of releasing themselves from the sperm storage reservoir ( [4] [5] [6] [7] , reviewed by [8] ). Prior to release, sperm are held in the reservoir by binding to the surface of the oviductal epithelium. There is evidence that release is brought about by a combination of shedding of oviductal binding proteins from the head of the sperm and by initiation of hyperactivation (reviewed by [9] ).
Besides enabling sperm to move beyond the oviductal storage reservoir, hyperactivation plays other roles in assisting sperm to reach the oocytes. Hyperactivation provides sperm with a greater thrusting force to swim through oviductal mucus and to penetrate the viscoelastic cumulus matrix surrounding the oocyte [10] [11] [12] . In addition, hyperactivation is required by sperm to penetrate the zona pellucida of the oocyte in order to reach and fuse with the oocyte plasma membrane [13] [14] [15] . The importance of hyperactivation was confirmed by the production of mice with null mutations for Catsper genes. The protein products of these genes form plasma membrane Ca 2þ channels that are pH sensitive and weakly voltage dependent. CATSPER channels are only expressed in male germ cells and are located in the plasma membrane of the principal piece of the sperm flagellum [14, 15] . CATSPER-null male mice are infertile, primarily because their sperm are unable to hyperactivate (see reviews [16] [17] [18] ). These sperm do not move beyond the storage reservoir in the lower oviduct and, in vitro, they cannot penetrate the zona pellucida [7, 14, 15] .
We reported that most mouse sperm that hyperactivate during capacitation in vitro display an increase in the amplitude of the bend that forms in the same orientation as the hook of the head. We will refer to this as pro-hook beating (Fig. 1) . We established that pro-hook beating is stimulated by an influx of Ca 2þ through CATSPER channels and is associated with an increase of intracellular pH [19] .
However, we have also demonstrated that we can induce an increase in the bend formed in the opposite direction of the hook by treating sperm with thimerosal to stimulate release of Ca 2þ from internal stores. We will refer to this as anti-hook beating (Fig. 1) . We also demonstrated that anti-hook beating is dominant over pro-hook beating; that is, when sperm are simultaneously or sequentially subjected to treatments that stimulate pro-hook and anti-hook beating, the sperm will swim using the anti-hook beating pattern [19] . Switching between pro-and anti-hook beating patterns could modulate the swimming trajectory of sperm in vivo to direct movement of sperm toward oocytes.
In order to understand how sperm movement is regulated in vivo, we undertook this study to examine the movement patterns of sperm leaving the reservoir in the lower isthmus and those few sperm that reach the ampulla of the oviduct. In order to see if the presence of oocytes has an effect on sperm motility, we made our observations in both pre-and postovulatory females. We used Acr-EGFP males, which produce sperm with fluorescent acrosomes [20] . This greatly improved our ability to locate sperm moving within the oviduct, especially when the oviduct was left in its natural coiled configuration.
MATERIALS AND METHODS

Media and Chemicals
All routine chemicals and compounds were purchased from Sigma-Aldrich Co., with exceptions noted below.
A capacitation medium for mouse sperm [4] was used for incubating oviducts. The medium consisted of 110 mM NaCl, 2.68 mM KCl, 0.36 mM NaH 2 PO 4 , 25 mM NaHCO 3 , 25 mM HEPES (EMD Chemicals), 5.56 mM glucose, 1.0 mM pyruvic acid, 0.006% penicillin G (Na), 2.4 mM CaCl 2 , 0.49 mM MgCl 2 , and 5 mg/ml bovine serum albumin (EMD Chemicals). The medium was adjusted to pH 7.6 and 290-310 mOsm/kg and sterilized by filtration through a 0.22-lm membrane filter (Corning Inc.). Before use, it was equilibrated at 378C with 5% CO 2 in humidified air.
Animals
A hybrid cross (C57BL/6J 3 BALB/cByJ) of wild-type F1 and wild-type C57BL/6 female mice aged 8-16 wk were obtained from Dr. John Schimenti (Department of Biomedical Sciences, Cornell University). Male mice aged 10-16 wk were obtained from Dr. Harvey Florman (Department of Cell Biology, University of Massachusetts Medical School). These mice were hemizygous for the Acr-EGFP transgene [20] in the C57BL/6 strain. All sperm produced by these hemizygous males had fluorescent acrosomes.
Superovulation and Mating
To regulate the time of ovulation, female mice were injected with 10 IU equine chorionic gonadotropin (VWR) followed by 10 IU human chorionic gonadotropin (hCG; VWR) 48 h later [21] .
Matings were timed to occur 4-6 h after hCG injection for preovulatory studies and 11-13 h for postovulatory studies. To mate mice, a single hormonally stimulated female was introduced to the cage of a singly housed male. Time of ejaculation was recorded when the male suddenly and briefly became very still while grasping the female. Females were left undisturbed with the male for 3 h after mating in order to allow time for sperm transport. At that time, the females were euthanized by CO 2 inhalation to obtain oviducts. All procedures were approved by the Institutional Animal Care and Use Committee at Cornell.
Oviduct Preparation
Immediately after euthanization of female mice, oviducts were accessed by abdominal incision. They were removed by grasping the uterine horn at the cranial tip with a pair of fine forceps, then cutting through the uterine horn and the suspensory ligaments. The two oviducts were submerged in separate 35-mm Petri dishes in the medium described above. One oviduct was chosen at random for immediate further dissection and videotaping; the other oviduct was incubated at 378C under 5% CO 2 in humidified air until videotaping had been completed on the first oviduct, about 20-35 min later.
Further dissection was conducted under a dissecting microscope. The ovary was removed by cutting through the ovarian bursa. Then, the mesosalpinx of each oviduct was trimmed with fine spring surgical scissors to ensure that oviducts were kept as close as possible to the original coiled condition but not covered by too much mesosalpinx, which occludes visibility of the oviduct lumen. Oviductal dissection was completed within 4-6 min.
Prior to the dissection, microscope chambers were prepared as previously described [7] . Briefly, a standard 75 mm 3 25 mm microscope slide was cut in thirds crosswise. A 50 mm 3 24 mm #1 cover slip was used to replace the middle third and was glued to the outer two thirds using Krazy Glue (Elmer's). A ring of silicone grease (Dow Corning) was made on the cover slip using a syringe.
Immediately after dissection of the oviduct, it was placed in a droplet of medium in the center of the grease ring on the cover slip. A 25 mm 3 25 mm #1 cover slip was placed over the oviduct and pressed down gently onto the silicone grease to hold the oviduct in place. Because the oviduct was held between two cover slips, the chamber could be flipped on the microscope stage in order to find the best views of the oviductal lumen.
Recording Sperm Behavior in the Oviducts
Sperm were located in the oviducts by briefly using epiflourescence microscopy (,10 sec) to detect the green fluorescence. Fluorescence was detected using 103 and 203 objectives with a 480 6 40-nm excitation filter, 535 6 50-nm emission filter, and a 505-nm long-pass dichroic mirror (Chroma Technology Corp.) with light from a mercury lamp (Model 910426; Carl Zeiss, Inc.).
As soon as motile sperm were located in a region, the light from the mercury lamp was blocked, and the region was viewed using 3003 brightfield optics. A CCD 72 video camera (Dage MTI) was used to record sperm in the lower isthmus and ampulla onto Super-VHS videotape (Maxwell Professional SVHS) in a JVC SR-S365U Super-VHS Video Cassette Recorder (JVC). Sperm found in each microscope field were recorded for 2 min. The total number of sperm found in both ampullae was determined. The temperature of the chamber was maintained at 378C by a stage warmer throughout each experiment, and the sealed chamber prevented evaporation.
Sperm motility patterns were categorized by reviewing the videos. Sperm were scored as ''bound'' if they attached without detaching during the observation period of 2 min. If at least one free swimming incident was seen during the observation period, the sperm were scored as ''free.'' The bending direction of sperm flagella in reference to the hook of the sperm head was also scored as dominant pro-hook, dominant anti-hook, or symmetrical ( Fig. 1) . For some sperm, the bending direction could not be determined, because sperm flagella could not be focused or were bent or stuck. Those sperm were scored as ''could not determine.''
Blocking Smooth Muscle Contractions
To investigate the role of smooth muscle contraction in sperm transport, the following experiment was conducted. Females were euthanized 50 min after mating, and a piece of surgical thread (Lukens) was used to ligate each uterine horn in order to prevent the escape of semen. Then the uterine horn and oviduct from each side were removed and added to separate 35-mm Petri dishes in medium with 4 lM nicardipine in 0.1% dimethyl sulfoxide (DMSO) to block contractions of the oviduct wall [22] , or medium with 0.1% DMSO as control. The ovaries of three females were left intact, whereas ovaries of three other females were removed prior to addition of the oviducts to the Petri dishes. After 2 h of incubation at 378C in 5% CO 2 in humidified air, the oviducts were further dissected as described above to remove ovaries (if present), uterine horns, and mesosalpinx.
Identifying Sperm Associated with Oocytes
Cumulus oocyte complexes (COCs) were released by tearing the ampulla with a fine needle and gently transferred into a medium droplet that contained 0.04%-0.05% hyaluronidase. Oocytes were gently pipetted up and down several times using a glass pipette to assist removal of the cumulus. Then the oocytes were rinsed in PBS. The cumulus-free oocytes were transferred to 4% paraformaldehyde in PBS to fix for 15-60 min. Then they were washed by transferring into a PBS droplet on a glass slide. The excess PBS was removed, CHANG AND SUAREZ and the oocytes were observed under a microscope using a 403 objective (Carl Zeiss) to detect associated sperm.
Data Collection
For observing sperm motility, data were collected from experiments in which three males were mated with a total of six pre-and six postovulatory F1 females. Five prolonged observations of ampullar sperm were made using two pre-and three postovulatory F1 females. For experiments with nicardipine, six postovulatory C57BL/6 females and a total of four males were used, including three from the previous set of experiments.
RESULTS
In the Isthmus, Sperm Frequently Detached and Reattached while Using the Anti-Hook Beating Pattern
Three hours after mating, the lumen of the lower half (first two coils) of the isthmus was so crowded with sperm that it was impossible to count them. In the central channel of the lumen, there were some clusters of immotile sperm that were moved back and forth by fluid flow produced by intermittent contractions of the oviduct wall. Motile sperm surrounded these clusters and filled the pockets created in the wall by transverse mucosal folds.
More hyperactivated sperm were seen in the postovulatory oviducts in the lower isthmus than in the preovulatory oviducts. In the six pairs of preovulatory oviducts, no hyperactivated sperm were seen in the isthmuses of two pairs and 3%, 5%, 21%, and 29% were detected in the remaining four pairs. This was significantly less than the percentage of hyperactivated sperm detected in postovulatory oviducts (94, 60, 87, 82, 63, and 52; P , 0.001 by t-test).
Some of the hyperactivated sperm detached and reattached frequently, whereas others swam freely in the lumen in apparently random directions. In both cases, the hyperactivated sperm showed deep anti-hook bending characteristic of the anti-hook beat pattern (Fig. 2 , which represents Supplemental Movies S1 and S2; all Supplemental Data are available online at www.biolreprod.org). The average interval between detachment and attachment of hyperactivated sperm was measured to be 2.4 6 1.4 sec (n ¼ 27). Groups of non-hyperactivated sperm were seen sticking to the wall of the isthmus at the bases of the folds, beating at a steady and rapid rate (3.6 6 1.2 beats per second, n ¼ 33) with low-amplitude, symmetrical flagellar bends (Fig. 3 , which represents Supplemental Movie S3).
In the Ampulla, Most Sperm Were Bound to the Epithelium and Used the Anti-Hook Beat Pattern A total of 23 ampullary sperm were found in six preovulatory females, whereas 88 were found in six postovulatory females (Table 1 ). Further analysis revealed that 91% 6 16.1% and 92% 6 4.4% sperm were motile in pre-and postovulatory ampullae, respectively. All of the sperm detected in the lumen of the ampulla had green fluorescence in their acrosomes, indicating that they had not undergone the acrosome reaction; however, it was possible that acrosome-reacted sperm were missed because they were more difficult to see.
Most motile sperm found in both pre-and postovulatory ampullae remained bound to the oviductal epithelium during each 2-min videotaping period (96% 6 10.2% and 89% 6 4.9%, respectively; Table 1 ). Most of the pre-and postovulatory bound sperm that could be clearly seen produced the deep anti-hook bending (80% 6 44.7% and 87% 6 2.7%, respectively; Table 1 , Fig. 4 , which represents Supplemental Movie S4). 
BEHAVIOR OF MOUSE SPERM IN OVIDUCT
Oviductal Contraction Appeared to Assist Bound Sperm in Detaching from Epithelium in the Ampulla
In order to see whether and how the bound sperm eventually broke free from attachment to the epithelium, prolonged recordings were made of sperm in the ampulla. This type of observation was repeated five times, using two pre-and three postovulatory females. All five prolonged observations showed that sperm detached from the epithelium only during strong contractions of the wall of the ampulla (Fig. 5 , which represents Supplemental Movie S5). In the postovulatory oviducts, COCs were seen to move back and forth in the ampullary lumen with each contraction (Fig. 6 , which represents Supplemental Movie S6). Sperm could not be detected in the COCs that were in the oviduct.
Smooth Muscle Contraction in the Oviductal Wall Did Not Appear to Be Required for Forming the Sperm Reservoir or for Sperm to Reach the Oocytes
Experiments were conducted using three females whose ovaries were left intact during incubation of oviducts in either nicarpidine or control medium and three females whose ovaries were removed prior to incubation (Table 2 ). When oviducts were quickly inspected at 1 h postcoitus, only a small number of sperm were seen in the region of the reservoir. At 3 h postcoitus, after the 2-h incubations in vitro, large numbers of sperm were clearly seen in the storage reservoirs of all oviducts, especially in the first loop of isthmus (Fig. 7) . This means that sperm continued to enter the reservoir during the 2-h incubations, whether the oviduct was incubated with 4 lM nicardipine or control medium. As expected, the oviducts that had been incubated in control medium showed similar contractions to oviducts used in the first set of experiments, whereas the oviducts that been incubated with 4 lM nicardipine did not contract (Supplemental Movies S7 and S8).
Because we had to incubate the oviducts in vitro for 2 h to prevent contractions during sperm transport, we had to remove the oviducts from the females at an earlier point and, therefore, may have prevented more sperm from entering the oviduct than in the previous experiment, in which the oviducts were left in the females for the entire 3 h. Therefore, we observed a relatively low number of sperm in the ampulla (on average three on each side), even when the oocytes were present. We could not detect sperm within the cumulus; therefore, we removed the cumulus to see if any of sperm could be found near the oocytes. On average, we found one sperm associated with oocytes from both the control and the contraction-free oviducts (Table 2) . Surprisingly, there were about twice as many as oocytes in the oviducts that were incubated in 4 lM nicardipine with ovary attached than those incubated in control medium with ovaries intact (Table 2) .
DISCUSSION
In this study, we characterized and compared mouse sperm motility patterns in the lower isthmus (site of the sperm reservoir) and the ampulla (site of fertilization) in both pre-and postovulatory females. Our observations indicate that sperm movement differs in the two regions: hyperactivated sperm frequently detached and reattached in the lower isthmus, whereas they remained bound to oviductal epithelium for extended periods in the ampulla. The deep anti-hook beat pattern was the predominant flagellar beating pattern of hyperactivated sperm in both regions. In addition, more CHANG AND SUAREZ ampullary sperm were found in the postovulatory females than preovulatory females. This confirmed that sperm transport to fertilization sites is facilitated when ovulation occurs, because sperm had been in the female tract for 3 h in both cases. We found that the flagella of most hyperactivated sperm in the isthmus and ampulla beat in the anti-hook pattern. We had reported previously that isthmic sperm produce deep anti-hook bends immediately before detaching from the oviductal epithelium [7] . In contrast to what we observed in the oviduct, most motile sperm incubated in capacitating medium in vitro develop pro-hook beat patterns [19] ; the pro-hook pattern could also be seen in figures of sperm capacitated in vitro, which were published previously by us and others [23] [24] [25] .
The environment of mouse sperm in vivo is quite different from that provided by capacitation media used for in vitro experiments. First, the oviductal fluid of mice and other species contains amino acids, carbohydrates, hormones, growth factors, purinergic agents, glycoproteins, and neurotransmitters ( [26] [27] [28] [29] , reviewed by [30] ) that are absent in most capacitation media. Sperm have been reported to contain various receptors, especially hormone and neurotransmitter receptors (reviewed by [31, 32] ), and could therefore respond to these additional components of oviduct fluid. Furthermore, the levels of ions and pH in mouse oviductal fluid are unknown. It is likely that mouse sperm capacitate differently in vivo than in vitro, such that sufficient Ca 2þ release is triggered from the intracellular Ca 2þ stores to cause anti-hook flagellar beating. We previously reported that anti-hook beating was triggered by stimulating release of Ca 2þ from internal stores and that it was dominant over pro-hook beating stimulated by in vitro capacitation or treatment with procaine or 4-amino pyridine to activate CATSPER channels [19] . Second, sperm encounter a fluid in the oviduct that contains mucous secretions and is, therefore, likely to be more viscous or viscoelastic than capacitation medium. In all aqueous fluids, at the small scale of the size of sperm, viscosity dominates over inertia and strongly affects the pattern of sperm flagellar beating. Although even capacitation media are experienced by sperm as being highly viscous, increases in viscosity due to the addition of mucus greatly increase the resistance to movement felt by sperm (reviewed by [33] ). Mucous secretions have been detected in the uterotubal junction and isthmus of various species such as rabbits, humans, pigs, and dairy cattle ( [34] [35] [36] , reviewed by [8] ). When capacitated mouse sperm showing prohook hyperactivation were placed in medium in which the viscosity or viscoelasticity had been greatly increased by adding methylcellulose or long-chain polyacrylamide, respectively, sperm produced small, sharp anti-hook bends and swam in relatively straight trajectories [23] . In vivo, the viscoelasticity of oviduct fluid could promote anti-hook bending, although the anti-hook bends we observed in oviductal sperm were much larger in size than those reported to occur in hyperactivated sperm swimming in highly viscous and viscoelastic media in vitro [22] .
Third, sperm binding to epithelium could affect sperm flagellar beating. The physical aspect of binding alone, however, would not be the main reason for the predominance of the anti-hook beat pattern observed in the oviduct, because 
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we have not seen anti-hook beating in sperm capacitated in vitro and stuck by their heads to glass slides (data not shown), nor have we seen it in published figures of sperm with tethered heads [37, 38] . Instead, oviductal epithelium might stimulate sperm directly through receptor/ligand interactions or through local secretions.
The use of mouse epididymal sperm rather than ejaculated sperm for in vitro experiments should also be taken into account when considering why the behavior of sperm might be different in vitro than in vivo. For example, one obvious morphological difference is that many epididymal sperm have a cytoplasmic droplet at the annulus, whereas the sperm we examined in vivo did not have this structure. Shedding of the cytoplasmic droplet is associated with the shear force brought by ejaculation and is proposed to be necessary for fertility ([39] , reviewed by [40, 41] ). In addition, during ejaculation, epididymal sperm mix with fluids from the seminal vesicles, the prostate and the bulbourethral glands, which could affect flagellar beat patterns.
Hyperactivated sperm in the lower isthmus were seen to detach and reattach frequently (Supplemental Movies S1 and S2). Non-hyperactivated sperm were attached to the epithelium in groups and beat with low-amplitude, symmetrical bends (Supplemental Movie S3). We also noticed that sperm in the central lumen of isthmus were more subject to the fluid flow caused by contraction than sperm in the pockets formed by mucosal folds, as reported in previous publications [6, 7] .
Although hyperactivated sperm in the periovulatory isthmus were seen to detach and reattach, sperm that were bound to the epithelium in the ampulla rarely detached. Only a few were seen swimming freely before reattaching to the ampullar epithelium (Table 1) . This may be due to the greater numbers of ciliated cells in the ampulla. For some sperm videotaped in the ampulla, we could clearly see them bind to cilia (Supplemental Movie S4). In mice, both the ampullary and isthmic epithelium contain secretory and ciliated cells; however, ciliated cells predominate in the ampulla, whereas secretory cells predominate in the isthmus [42] . The observation of prolonged binding of sperm in the ampulla differs from a previous report, where more free-swimming sperm were seen in the ampulla [6] . This discrepancy could be due to the method of handling the oviducts. In our previous study, the mesosalpinx was completely removed in order to uncoil the entire oviduct; whereas, in this study, we left it in the original coiled condition to the extent possible. Excess manipulation of the oviduct could detach sperm from the epithelium or move detached sperm from the isthmus to the ampulla.
Sperm in the ampulla were only seen to detach from epithelium after a muscle contraction, although not all contractions brought about sperm detachment. Muscle contractions could assist sperm to detach from the ampullar epithelium, either by the physical force of the luminal fluid pushed by the contraction or by chemical signaling molecules brought by fluid flow to trigger the release of sperm. In many cell types, members of the TRP channel family detect a variety of physical and chemical stimuli and introduce Ca 2þ influx to control cell behaviors. Various TRP channels have been identified in mammalian sperm, but their roles, especially in sensing physical stimuli, are not completely understood (reviewed by [43, 44] ).
Many studies suggest that contraction of the walls of the female reproductive tract plays a role in sperm as well as oocyte transport. It is thought that sperm are transported through the uterus mainly by smooth muscle contraction (reviewed by [8] ). In the oviduct, contraction is regulated by the endocrine and autonomic nervous systems, but is also somewhat autonomous ( [22, 45] , reviewed by [46] ). Hormones could affect the autonomous contraction as well by stimulating the oviductal pacemaker cells [47] [48] [49] . Oviductal contraction has been proposed to direct sperm toward the ampulla in pigs CHANG AND SUAREZ and hamsters during the periovulatory period [50, 51] . Interestingly, Dixon et al. [22] reported that COCs are transported through the ampulla in a pendular manner, with net movement directed toward the uterus. Blocking propagating contraction eliminated the movement of COCs, whereas the ciliary beating was unaffected. Our results showed that contraction is not absolutely required for forming the sperm reservoir in the lower isthmus or for enabling sperm to reach the ampulla and COCs. Instead, sperm motility seems to play the major role in transporting sperm from the reservoir to the upper oviduct. All sperm found in the ampulla had fluorescent acrosomes. It is possible, however, that we missed acrosome-reacted sperm. Recent work suggests that the acrosome reaction of mouse sperm occurs mainly in the cumulus, while some occurs on the zona pellucida ( [52] , reviewed by [53] ).
We found that we were able to detect more sperm in the ampulla when using fluorescently labeled acrosomes than when we used wild-type sperm, particularly when the oviduct was left in the natural coiled position. The improved detection of sperm led to two new observations. The first was that the flagella of most sperm in the oviduct beat in the anti-hook pattern, indicating that the internal Ca 2þ store is likely to play a role in moving sperm in the oviduct. The second is that the few sperm that reach the oviductal ampulla spend most of their time tightly bound to the epithelium and may only be dislodged by contractions of the oviduct. This may be a mechanism for holding sperm in the lower-to-mid ampulla until the COCs arrive.
